
10/540890 
JC17ltec'dPCT/PT0 27 JUN 2005 



WO 2004/058041 



PCT/IL2003/001104 



JMMOBILIZABLE IN VIVO SENSING DEVICE 

FIELD OP THE INVENTION 
The present invention ielates to in vivo sensing devices generally and to their 
immobilization in vivo, in particular 



image sensors and so on, may be used for example to unobtrusively monitor bodily systems 
and in vivo sites. Some in vivo sensors move through body lumens and may be remotely 
controlled. However, it may sometimes be desirable to immobilize a sensing device in vivo 

10 for continuous sensing of an in vivo site, for example, for post surgery monitoring. Other in 
vivo sensors may perform treatment functions and may be immobilized to perform such 
treatment. Still other in vivo sensors may be immobilized to monitor an area for a period of 
time in order to make a diagnosis, such as an in vivo pH sensor which may be immobilized 
to detect, record and analyze gastroesophageal pH. Immobilization of a device may also 

15 provide an opportunity for the device to release a compound such as a drug at a specific 
location or- for taking a biopsy at such location.. 

SUMMARY OF THE INVENTION 

In embodiments of the invention an in vivo sensing device may include an 
immobilizer or immobilization unit that may be activated in response to a signal from for 

20 example a processor or controller. According to one embodiment, the immobilizer may 
immobilize the device in an in vivo area that is to be monitored over a period of time In 
some embodiments, the in vivo sensing device may be or include an autonomous in vivo 
sensing capsule. In accordance with embodiments of a method of the invention a signal 
may be generated to activate an immobilizer that is included m an in vivo device so that 

25 the in vivo device is immobilized in an in vivo area to be monitored.. The immobilized in 
vivo device may continue to monitor or collect images or other sensing data from the area 
that is proximate to the device. 
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In vivo sensing devices, such as thermometers, pH meters, optical scanners, 
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In accordance with a system of the invention, a housing may include or be 
attached to an in vivo sensor and an immobilizing unit, and may also include a processor 
that may activate the immobilization unit 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 The subject mattei regarded as the invention is particularly pointed out and 

distinctly claimed in the concluding portion of the specification. The invention, however, 
both as to organization and method of operation, together with objects, features, and 
advantages thereof, may best be understood by reference to the following detailed 
description when read with the accompanying drawings in which: 
10 Fig. I A is a schematic illustration of an in vivo device having an immobilization unit, 
constructed and operative in accordance with an embodiment of* the present invention; 
Fig. IB is a schematic illustration of the in vivo device of Fig. 1A in an immobilized state, 
in accordance with an embodiment of the present invention; 

Fig 1C is a schematic illustration of the in vivo device of Fig. 1A freed fiom an 
15 immobilized state, in accordance with an embodiment of the present invention; 

Fig 2A is a schematic illustration of an in vivo device with a gripping unit, constructed 

and operative in accordance with an embodiment of the present invention; 

Fig. 2B is a cross-sectional illustration of the gripping unit of Fig.. 2A, in accordance with 

an embodiment of the present invention; 
20 Fig. 2C is a cross-sectional illustration of the gripping unit of Fig. 2A in an extended state, 

in accordance with an embodiment of the present invention; and 

Fig 3 is a schematic flow chart diagram presentation of a method in accordance with 
^eTtalrTembodiments of the present invention 
It will be appreciated that for simplicity and clarity of illustration, elements shown in the 
25 figures have not necessarily been drawn to scale For example, the dimensions of some of 
the elements may be exaggerated relative to other elements for purposes of clarity. Further, 
where considered appropriate, reference numerals may be repeated among the figures to 
indicate conespon ding or analogous elements. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following detailed description, numerous specific details are set forth in 
order to provide a thorough understanding of the invention.. However, it will be 
5 understood by those skilled in the art that the present invention may be practiced without 
these specific details. In other instances, well-known methods, procedures, and 
components have not been described in detail so as not to obscure the present invention . 

According to an embodiment of the present invention there is provided a 
device, system and method for immobilizing or otherwise controlling the movement of or 

10 holding a sensing device in an in vivo site for example in response to a signal mat 
activates an immobilization unit or in response to another condition or event such as for 
example the passage of time Some embodiments may enable foi example a doctor or 
other operator to indicate to an in vivo device such as for example an autonomous in vivo 
capsule, to stop the movement of the device in vivo or to direct that the device assume an 

15 immobilized state or position. Immobilizing an in vivo device may be desirable for 
example, if something of concern, such as blood, a high temperature, a polyp or other 
protrusion, is detected while the sensor moves for example through a body lumen, and the 
operator wants to monitor the item of concern or particular in vivo site more carefully or 
for- a longer period of time. In some embodiments, monitoring may include for example 

20 capturing images of the in vivo site oi performing other sensing functions in the area 
proximate to where the device is immobilized In some embodiments, a sensing device 
may be stopped or held at one or more known locations in the body lumen to recalibrate 
sensors in the device to those locations 

According to one embodiment, a device of the invention may include a sensing 

25 device, a transmitter that transmits the output of the sensing device, a reception system for 
receiving the transmitted output and a power source, which provides power to the 
elements of the device. The sensing device may be connected to, or disposed within, a 
housing or shell, which may be configured for being transiently immobilized or held 
proximate to or in the vicinity of the site to be monitored According to other 

30 embodiments, the device may be permanently immobilized in vivo. 
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The sensing device may be a sensor that is adapted for being placed in vivo, for 
example, along the gastro-intestinaJ (GI) tract, and that is configured for sensing in vivo 
environmental conditions such as for example the presence of blood, pH, temperature, 
electrical impedance of tissues etc The sensing device may transmit (such as for example 
5 by radio waves) output relating to for example changes in in vivo environmental 
conditions.. Other sensors may be used and other conditions may be detected or 
monitored. 

In some embodiments, a system is provided for monitoring, such as for example 
by way of an imager, a site in the GI tract over an extended period of time.. The imaging 
10 system may include at least one illumination source such as one or more light emitting 
diodes (LED), which may be for example monochromatic or a white LED, and an imaging 
device such as for example a charge coupled device (CCD) or complementary metal oxide 
semiconductor (CMOS) image sensor.. Other light sources and other suitable imaging 
devices may be used.. The imaging system may further include an optical system for 

15 imaging an area of interest onto the imaging system. The optical system may include 
mirrors and/or lenses for collrmating the light from the iUumination source.. In some 
embodiments of the invention, a reception system receives the transmitted image output. 
Such reception system may include an antenna array capable of surrounding a body for 
receiving the transmitted image output and for producing a plurality of received signals 

20 and a demodulator capable of transforming the plurality of received image signals into a 
single video data stream. The reception system may include for example a display, such as 
for example an LCD or a monitor, for displaying the data transmitted to it 

Embodiments of* the invention may be included in an autonomous device such 
as for example a self-contained in-vrvo capsule capable of passing through a body lumen 

25 such as for example a GI tract, the reproductive tract, the urinary tract or a blood vessel, 
and where some or all of the operative components are substantially contained within a 
container, and where the device does not require wires or cables to for example receive 
power or transmit information, poj example, power may be supplied by an internal battery 
or wireless receiving system.. Other embodiments may have other configurations and 

30 capabilities. For example, components may be distributed over multiple sites or units- 
Control information may be received from an external source. 
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A device or system in accordance with an embodiment of the invention may 
include an imager such as for example a camera system, a transmitter, a receiving system 
and a display system such as described in some embodiments of US 5,604,531 to Iddan 
and/or in International Application publication number WO 01/65995 entitled "A Device 
5 And System For- In Vivo Imaging", published on 1 3 September, 2001 US 5,604,531 and 
WO 01/65995 are assigned to the common assignee of the present invention and are 
hereby incorporated herein by reference. 

An imaging system in accor dance with an embodiment of the invention may for 
example provide direct visual information of an in vivo site such that visibly detectable 

to changes at the site, such as bleeding, swelling etc can be seen by an operator.. In some 
embodiments, the imaging system may further include a detector coupled to the sensor or 
imaging device that is optically changed in response to changes in environmental 
conditions The optical change in the detector may be imaged and transmitted to a 
receiving system and shown on a display of the receiving unit to alert an external operator 

1 5 of the changed conditions.. For example, the imaging system may include a pH meter that 
undergoes a color change in response to pH changes in its vicinity. In some 
embodiments, the imaging system may include a detector of chemical substances, such as 
blood components, which may undergo a change in color in response to the presence of 
the chemical substances, in both cases, a change in color may be detected by foi example 

20 an imaging device or other sensor and an indication of such detection may be transmitted 
and received by the reception system for inspection by for example an operator. In some 
embodiments, a processor in an external receiving system may analyze a detected 
condition a may issue signals or instructions in response to said detected conditions In 
some embodiments, a sensor such as an imager may signal a processor in the in vivo 

25 device as to the presence of a detected condition. In response, a processor or- controller 
may generate a signal that may activate an immobilization unit that may be included in or 
attached to the device. As described herein, such signal may result in the immobilization 
of the device in a specific location where further sensing of in vivo conditions may be 
desired. 

30 Reference is now made to Figs.. 1A, IB and 1C which illustrate an in vivo 

device 10, designed, according to one embodiment, to passively traverse the GI tract 
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Device 10 may include a housing or body 12, which may include for example an optica! 
window 14, behind oi adjacent to which may be positioned illumination sources 16, an 
imaging device 1 8, and a controller or processor 20. According to an embodiment of the 
invention, the body 12 may house additional elements of the system, such as a transceiver 
5 13 for receiving instructions or commands from an external operator or processor and/or 
for transmitting data such as sensing data to an external receivei/transmitter 42, and a 
power source 15, such as a battery Transceiver 13 may include one or more antennas 48 
or arrays of antennas 48 

A system in accordance with some embodiments of the invention may include 

10 outside a patient's body a receiver/transmitter 42, which may include an antenna or 
antenna array, a data storage unit 44, a processor 46 and a display system or monitor 47.. 
Receiver/transmitter 42 may receive signals in the form of for example ladio waves that 
may be transmitted from device 10 and that may for example contain image data, location 
data and oi other sensing data collected by or about device 10. A transmitter such as for 

] 5 example receiver/transmitter 42 may also transmit signals or instructions to device 1 0 such 
as for example instructions to immobilize device 10 in a body lumen or to change a state 
of activation of a component of device 10. 

Monitor 47 may include for example one or more screens, monitors or suitable 
display units Monitor 47 may for example display images or other data captured or 

20 transmitted by device 10. In some embodiments, images and position or location 
information of such device 10 may be displayed on one or more monitors 47. 

In some embodiments, processor 20 may be or include for example one or more 
circuits such as for example an integrated circuit or circuit board suitable for processing, 
transmitting or delivering signals from for example a sensing device such as an in vivo 

25 imager or from an external transmitter, and for transmitting a signal to an immobilization 
unit 22 . In some embodiments, controller or processor 20 may be or include an electronic, 
electrical, physical or mechanical controller such as for example a conductive element that 
may control directly or indirectly the operation of immobilization unit 22. Other 
controllers or processors 20 may be used.. 

30 Device 10 may include an immobilizer or an immobilization unit 22 or other 

suitable holding system. According to some embodiments, immobilization unit 22 may 
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immobilize, hold or otherwise arrest the motion of the device 10 in response to 
instructions or signals of processor 20. In some embodiments, an instruction may be or 
include an electronic or* electrical signal such as for example a signal to activate a hearing 
eiement . In some embodiments an instruction may include a physical signal such as the 
5 opening of latch to release an anchor 30 from a body 12. 

In some embodiments the device 10 may be immobilized or held temporarily or 
transiently such that its movement may resume after a period of time or in response to 
certain conditions or triggers.. In accordance with an embodiment of the present invention, 
instructions to immobilize device 10 in an in vivo site may come from an external 

10 operator, when for example the operator sees or receives an indication of a condition, such 
as for example a protrusion 24 from an endo- luminal wall, that s/he might want to view 
for more than the few seconds or minutes typically available during the device's 10 regular 
traverse of the current region. In some embodiments, instructions or signals to immobilize 
may be issued by processor 20, or by an external operator for example providing input to a 

15 processor 20, in response to an analysis of sensed data that may indicate that there is a 
condition that may be of concern, such as for example blood in a region of the GI tract 
Upon detection of such a condition, processor 20 may instruct or signal immobilization 
unit 22 to activate, stopping the progress of device 1 0 through a body lumen. 

In the example of Figs 1A - 1C, immobilizer or immobilization unit 22 may 

20 include a set of anchors 30 such as pointed anchors, a spring 32 between anchors 30 and a 
fuse 34. Other number of anchors 30 such as one anchor may be used Anchors 30 may 
have other configuiations such as for example a wheel or sphere with talons, points, hooks 
or other shapes that may be brought into contact with an endo-luminal tissue to 
immobilize device 10. According to an embodiment of the invention, immobilizer or 

25 immobilization unit 22 may be covered, retracted or located within a chamber 36 formed 
within body 12 and generally sealed from the other chambers of body 12 and from contact 
with a body lumen until activated In some embodiments, chamber 36 may have holes to 
the outside through which anchors 30 may move. In some embodiments, the holes may be 
covered with a film cover 38 that anchors 30 may break or puncture as they move or are 

30 activated. 
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Spring 32 may be formed of any suitable spring-like material whose ends may 
be soldered or otherwise releaseably attached to the ends of fuse 34 with soldering oi other 
adhesive material 35, as is depicted in Fig, 1 A. Fuse 34 may be formed of a material, such 
as for example fenite, which heats up in the presence of a radiofrequency. Such a fuse is 
5 discussed for example in US 5,723,844 to Dow filed on March 3, 1998 and entitled 
"Heating System using Ferrite to Convert RF Energy to Heal Energy", which is 
incorporated herein by reference. Other releasable adhesives or materials may be used to 
hold spring 32 and other means of releasing spring 32, such as for example with an 
electrical charge applied to spring 32 or* to adhesive materia] 35, may be used. 

10 In one embodiment, fuse 34 may be activated in response to a signal from for 

example receiver/transmitter 42, that may be received for example by transceiver 13, and 
processed by processor 20. In another embodiment, an external transmitter 37 may for 
example transmit radio waves of the frequency or frequencies which may heat up fuse 34. 
In such example, when fuse 34 heats up, fuse 34 may break material 35, thereby releasing 

15 spring 32 from its contracted state as is depicted in Fig. 1A, and pushing anchors 30 into 
walls 40 of the GI tract as is shown in Fig JB. Fig. IB shows device 10 stopped at a 
distance from protrusion 24 such that protrusion 24 might be viewed oi sensed in more 
detail. In some embodiments, transmittei 37 may be included in or connected to receiver 
/transmitter 42. 

20 An anchor 30 may have a pointed head 41 capable of piercing endo-luminal 

walls 40. In some embodiments, spring .32 may force head 41 most or all of the way into 
walls 40 Pointed head 41 may be configured to a suitable size and shape which may hold 
device 10 in place. For example, head 41 may have a diameter at its point of 0.5 - 2mm 
which may in some embodiments be suitable for immobilizing a device with dimensions 

25 of approximately 1 1mm by 25mm. Other suitable dimensions may be used Anchors 30 
may be formed of any suitable material such as for example a biodegradable material 43 
strong enough to hold device 10 in place but which may degrade or be soluble upon 
exposure to for example the moist conditions of an in vivo environment such as the GJ 
tract. Suitable materials may include, for example, caramel, biodegradable plastic resins 

30 or starches, such as gelatin, or wax. After a period of time, at least biodegradable material 
43 of head 41 may dissolve, thereby releasing device 10, and device 10 may continue 



8 



WO 2004/058041 PCT/IL2003/001104 

moving through a body lumen. The latter phase is shown in Fig 1C where spring 32 is in 
an expanded state but where anchois .30 have degraded. In Fig. 1C, device 10 is depicted 
as passing protrusion 24 

In accordance with an embodiment of the present invention, the biodegradable 
5 material 43 of anchors 30 may include a pharmacological compound or composition For 
example, the compound or composition might be or include an anti-biotic, for example to 
counter possible injury caused by anchors 30 when pushed into walls 40 

In accordance with an alternative embodiment of the present invention, the 
compound might be a drug needed at a specific location.. In such embodiment, the 
JO location, of device 10 as proximate to protrusion 24, may be known and processor 20 may 
instruct or signal for exampie fuse 34 or some other mechanism to activate immobilization 
unit 22 at the appropriate moment to cause anchors 30 to jab walls 40 at the desired 
location In this embodiment, immobilization unit 22 may act as a drug delivery unit. 

According to further embodiments, the biodegradable material 43 of anchors 30 
15 may include in it a marker or any other compound needed to be delivered, preferably in a 
sire-specific manner, to a body lumen, such as the GJ tract. 

Reference is now made to Figs 2A, 2B and 2C which illustrate an alternative 
embodiment of the present invention. In such embodiment, anchors 30 may be replaced 
by one oi more sets of grippers 50, which may extend for example longitudinally along a 
20 side 52 of body 12. As in the previous embodiment, grippers 50 may be located within a 
chamber 54 which may be external to the main chamber of device 10 . 

As can be seen in Fig. 2B, grippers 50 may be connected to an actuator 56A and 
56B, that may be formed for example of a piezoelectric material, such as for example poly 
vinylidene fluoride (PVDF), commercially available from PIEZOIECH S A. of St. Louis, 
25 France. Other activating processes may be used to move, close or open grippers 50, and 
other materials may be used. When instructed by processor 20 (not shown in Figs.. 2A ■ 
C), actuators 56 may change shape or otherwise pull on grippers 50, causing grippers 50 to 
extend outside of chamber 54 (see Fig. 2Q and, if wails 40 are close by, to grasp or pinch 
a portion of an endo-lurninal wall 40 (not shown).. In the latter state, grippers 50 may 
30 arrest the motion of device 10. Other mechanisms or processes of activating grippers 50 
may be used . 
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Grippers 50 may be formed of a metal, plastic ot olher material suitable foi use 
in a body lumen and may be formed of for example a plurality of double scissors 
mechanisms 58 with rods 60 rotatably joined by a pivot 62 and a gripping end 64. Other 
configurations for grippers 50 are possible. Figs.. 2B and 2C show, for example, a double 
5 scissors mechanism 58, though other closing mechanisms to engage grippers 50 may be 
utilized. Ends 66 of rods 60 may be rotatably connected, via pivots 68, to ends 70 of 
gripping end 64. Gripping end 64 may be formed of two halves 64A and 64B, rotatably 
connected via pivot 72 and ending in opposing gripping shapes 74A and 74B. 

Actuators 56 may be formed in a tweezers shape having two pinching halves 

10 56A and 56B, each rotatably connected, via pivots 76, to ends 78 of crossed rod 60. When 
actuator 56 may be in the open state (Fig . 2B), rods 60 and gripping end 64 may be in their 
open state and gripping shapes 74A and 74B may remain within chamber 54.. However, 
when actuators 56 may be in a closed state (Fig. 2B), rods 60 and gripping end 64 may 
extend into their closed states and gripping shapes 74 A and 74B may extend outside of 

j 5 chamber 54 in an attempt to pinch walls 40 

When desired, and in response to for example a signal or instructions from a 
processor 20 or an operator, after a predetermined period of time, or after an expected 
action has occurred or condition has been sensed, processor 20 may provide instructions to 
actuators 56 to open, thereby retracting grippers 50, freeing device 10 from the in vivo site 

20 to which it was immobilized, and enabling device 10 to continue its traverse of a body 
lumen In some embodiments, such instructions may be provided for example in response 
to a signal from receiver/transmitter 42 to transceiver 1 3 

According to another embodiment of the invention grippers 50 may be used to 
pinch off a piece of tissue, such as while taking a biopsy. While grippers 50 are retracting, 

25 the piece of tissue may be collected into a sample container (not shown) that is placed 
within chamber 54. 

Reference is made to Fig 3, a schematic flow chart diagram presentation of a 
method in accordance with certain embodiments of the present invention In block 300, a 
signal may be generated to activate an immobilizer included in an in vivo device. Li some 
30 embodiments, such signal may originate from outside of the in vivo device and may be 
issued by for example a receiving system or* a processor' or controller connected with such 
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receiving system, or by for example an operator or doctor who may view an image of an fn 
vivo site 01 may otherwise receive information about an in vivo site that be wished to 
monitor for an extended period of time.. In some embodiments, an operator may nansmit a 
signal to for example a receiver in an in vivo device A receiver and fox example a 
5 processor or controller- with which such receiver is in contact, may generate a signal to 
activate an immobilizer in such in vivo device to immobilize the in vivo device. In some 
embodiments a signal may be generated in response to for example in vivo conditions 
detected by an in vivo sensor, and without input from an external operator . For example, a 
sensor may detect the presence of for example blood in the GI tract. The sensor's 
10 detection of blood may trigger a controller to activate an immobilization unit connected to 
the in vivo device. In some embodiments, a signal may include a burn of a fuse that holds 
a spring to which is connected an anchor or pointed head that may be included in an 
immobilization unit. Other signals and other methods or sources of generating signals are 
possible. 

IS In block 302, an in vivo device may be immobilized in an area that is near, 

proximate to or in the vicinity of an in vivo site to be monitored For example, an 
immobilizing unit of an in vivo device that detected blood in a GI tract may immobilize 
the in vivo device in the area where the blood was detected The in vivo device may 
continue to monitor the site or area for continued bleeding. In another example, an 

20 operator may view an image of an in vivo area that is generated by an in vivo device. If 
the image reveals an object, condition or area that the operator wishes to continue 
monitoring, the immobilizer may be activated and the device may be immobilized in the 
area proximate to the object or condition to be monitored. In some embodiments, the 
immobilizer may bring anchor s with, for example, pointed heads into contact with, or may 

25 puncture, an en do- luminal tissue or wall to immobilize the in vivo device.. One or more 
springs may propel the anchors to contact, grasp or puncture an endo-himina! tissue. 
Other methods of immobilizing an in vivo device are possible. In some embodiments, a 
signal may include a bum of a fuse that holds a spring to which may be connected an 
anchor or pointed head 

30 In block 304, the in vivo site, area or object may be monitored by the 

immobilized in vivo device. For example, an in vivo imaging device may capture images 
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of an area or object over the period of time during which the in vivo device remains 
immobilized at a particular site. In some embodiments, an anchor or pointed head may 
include or contain a compound such as for example a drug that may be injected into or 
brought into contact with an endo-luminal tissue in the area where the in vivo device is 

5 immobilized- In some embodiments, anchors or gjippers of the immobilization unit may 
remove a sample of tissue as part of fbi example a biopsy of an in vivo area. In some 
embodiments, anchors or pointed heads may be constructed of a material that degrades 
over time once exposed to in vivo conditions. Once the pointed heads degrade or melt, the 
in vivo device may be freed to continue moving through the body lumen 

10 While certain features of the invention have been illustrated and described 

herein, many modifications, substitutions, changes, and equivalents will now occur to 
those of ordinary skill in the an It is, therefore, to be understood that the appended claims 
are 'intended to cover all such modifications and changes as fall within the true spirit of the 
invention . 

15 
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